Florigraze RP is a warm-season perennial legume used for pasture (Williams et al., 1991) 
MATERIALS AND METHODS

Site and Greenhouse Description
the global environment as consequence of the burning Stands of RP were planted on 10 Apr. 1995 (Fritschi et al., of fossil fuels (Keeling et al., 1995) . A major research 1999) and arranged lengthwise in one half of each TGG. A emphasis has been the impact of environmental changes TGG is a semicircular arch structure made of galvanized steel, on plant production (Idso and Idso, 2001) , but effects and covered with SIXLIGHT (Taiyo Kogyo Co., Tokyo, Jaon the nutritive value of plants and plant parts consumed pan), which is a transparent polyethylene telephtalate film by herbivores has often been overlooked. The nutritive with 90% light transmission. The TGGs were 27.4-m long, value of plants, defined as the chemical composition 4.3-m wide, and 2.2-m high at the center, and were parallel and their potential digestibility, is a function of chemical, to each other in a north-south orientation with separation physical, and structural factors inherent to the plant between TGGs of 4.8 m. The first 3.6 m at the air intake end (Moore, 1994) , all of which are dependent to some exand the last 1.8 m at the outlet ventilation fan end of the greenhouse were not used. Four 5-by 2-m plots were laid out tent on external factors including climate. Thus, increasin the remainder of the space in each greenhouse as shown ing CO 2 and temperature may affect plant chemical in Fig. 1 . A more detailed description is given by Sinclair et composition and its feed value for herbivores (Wilson al. (1995) and Fritschi et al. (1999 Fritschi et al. ( ). et al., 1991 Idso and Idso, 2001 ).
The irrigation system had 32 microjet spray heads; 16 of them were along each side of the TGG and they were spaced Y.C. Newman, L.E. Sollenberger, and K.J. Boote, Agronomy Dep., 1.8 m from each other. Irrigation was applied three times per Univ. of Florida, Gainesville, FL 32611-0300; L.H. Allen, Jr., and week using a double-overlapping microjet sprinkler pattern. mately every 1.5 wk.). In 1997 there were four harvests, and fertilizer was applied in four equal split doses (5 kg N ha Ϫ1 ) in each of the four growth periods preceding Harvests 1 through 4 (total of 16 applications). The N source was ammonium nitrate, the P source was triple super phosphate, the K source was KCl, and the S source was magnesium sulfate. Weeds were controlled manually. During winter, the major weed was narrow-leaf cudweed (Gnaphalium falcatum Lam) of the Compositae family, and during summer it was longstalk phyllanthus (Phyllanthus tenellus Roxb.) of the Euphorbiaceae family, a C 4 broadleaf plant. The major pests of RP were spider mites (Tetranychus urticae Koch), black aphids (Aphis spp.), and thrips, very likely the species Frankliniella fusca (Hinds). Control was exerted as required with labeled The complete factorial arrangement of two levels of CO 2 concentration (360 and 700 mol mol Ϫ1 ) and four temperalent, was 2020 mm yr Ϫ1 . The average annual rainfall (years tures [B (1.5ЊC above outside ambient), and 1.5, 3.0, and 4.5ЊC 1961-1990) is 1342 mm.
above B] constituted the treatments. The experimental design The soil was a Millhopper fine sand with a pH of 6.2 to was a split-strip plot where CO 2 was the whole-plot factor and 6.7. Soil organic matter (OM) ranged from 12 to 15 g kg Ϫ1 , was allocated to greenhouses at random, with two greenhouses and Mehlich-I extractable Ca concentration ranged from 240 per level of CO 2 (two replicates). Temperature was the subplot to 340 mg kg Ϫ1 , Mg from 98 to 115 mg kg Ϫ1 , P from 79 to treatment, and plot size was 5 ϫ 2 m (Fig. 1 ). 97 mg kg Ϫ1 , and K from 6 to 11 mg kg Ϫ1 . On the basis of soil analyses and assuming a hay production management scheme,
Temperature and Carbon Dioxide Control
all plots were fertilized in 1996 with 70 kg ha Ϫ1 N, 30 of P, and 58 of K; and during 1997, with 80 kg ha Ϫ1 N, 36 of P, 173
Temperature treatments were imposed in the four TGGs such that each strip corresponded to a temperature zone. Temof K, 65 of Mg, and 128 of S. Nitrogen was applied to the legume to avoid variation in fertilizer inputs in concurrent perature treatments were maintained throughout the year ( Fig. 2A ). Year 1996 was cooler than 1997; there were only companion studies that were comparing RP and bahiagrass (Paspalum notatum Flü gge). In 1996 there were three harvests.
3 d with maximum temperatures above 40ЊC in 1996, while in 1997 there were 22 d. In addition to the air temperature, soil Before Harvest 1, 10 kg ha Ϫ1 N, 4 kg ha Ϫ1 P, and 8 kg ha Ϫ1 K were applied. Subsequently, fertilizer was split applied in temperature was also monitored with thermocouples placed at 0.09 m beneath soil surface. Soil temperature response is six equal doses (5 kg N ha Ϫ1 ) during each of the growth periods preceding Harvests 2 and 3 (total of 12 applications, approxiillustrated for one TGG during the 1997 season (Fig. 2B) .
In each TGG, the 4.5ЊC temperature gradient was created
Statistical Analyses
through the control of the unidirectional ventilation rate from Data were analyzed using mixed model methodology (Litinlet to outlet end of the TGG (Horton, 1999) . Each temperatell et al., 1996) . In all models, effects of CO 2 concentration, ture zone (5-m strip of land) was obtained through incident temperature, and their interactions were considered fixed efsolar radiation plus the additional heated air (120ЊC) infused fects. Greenhouses nested within CO 2 levels were modeled as into each strip when natural solar radiation was insufficient random effects. Data were analyzed using PROC MIXED to obtain the desired temperature. The injection of heated air (SAS Institute, 1996) . The nature of temperature effects was at increments of 5.5 m along the length of the TGGs and the assessed using orthogonal polynomial contrasts. All means use of overhead paddle fans at each strip made it possible to reported in the text are least square means. Values of P Յ 0.10 achieve a step gradient of 1.5ЊC increments. A greater than were considered significant. Ratios of stem fiber components 4.5ЊC gradient between the inlet and outlet points triggered (NDF, ADF, and lignin) were calculated for each temperature an increase in speed of the exhaust fan located at the outlet treatment in 1997, and regression analysis with PROC REG end of each TGG. Likewise, when the temperature difference (SAS Institute, 1996) was used to determine the relationship was below 4.5ЊC, the exhaust fan speed was diminished and/ between the ratios and stem IVDOM. Each point in the regresor heaters were triggered. The operation of the exhaust fan sion equations is a temperature treatment mean across 16 was governed by a controller/data acquisition system based observations (average of four harvests, two CO 2 levels, and on thermocouples that monitored air temperature at 0.9 m two replicates). above soil level over the strips corresponding to B and B ϩ 4.5ЊC in each TGG. in 1997 (Table 2 ). Only in 1996 there was a linear temThe CO 2 concentration was measured every 20 s from air perature effect on ADF (P ϭ 0.021), and leaf ADF samples drawn through a manifold at 0.6 m above soil surface increased from 248 g kg Ϫ1 at B to 256 g kg Ϫ1 at B ϩ and about 6 m downflow from the injection distribution sys-4.5ЊC (Table 1) . This slight change in leaf ADF had no tem. The amount of CO 2 released to maintain 700 mol mol Ϫ1 impact on leaf IVDOM. This, plus the lack of any effect was controlled with a variable gas valve, depending on the of temperature on ADF in 1997, suggests that the respeed of the exhaust fan using a proportional and integral sponse observed in 1996 was of limited biological signifiadjustment algorithm based on deviation from the CO 2 control cance. Likewise, Marks and Lincoln (1996) reported no setpoint. The standard deviation of CO 2 concentration from effect of elevated CO 2 on the nutritive value of tall setpoint ranged from 31 to 53 mol mol Ϫ1 (Liu, 1999 Terrill et al., 1996) . Neutral detergent fiber and ADF means were slightly lower than those reported Sample Collection and Laboratory Analyses by Romero et al. (1987) and Johnson et al. (2002) , and
Plots were harvested three times in 1996 and four times in are indicative of the high nutritive value of RP leaf 1997 (at Ϸ8 and 6 wk of regrowth, respectively). The threeherbage. cut system in 1996 followed a schedule similar to that recommended for RP hay production in North Florida (Prine et al., analyzed using the method described by Golding et al. (1985) ,
and is reported on an ash-free basis. Acid detergent fiber was P value 0.144 0.689 0.960 0.166 determined as described by Van Soest (1963) , and lignin was † Baseline temperature defined as ambient temperature in the greenhouse.
analyzed using the permanganate method of Van Soest and ‡ Orthogonal polynomial contrast for temperature effect. L ϭ linear, ns ϭ not significant; number following letter is P value for linear effect.
Wine (1967). † Baseline temperature defined as ambient temperature in the greenhouse. ‡ Orthogonal polynomial contrast for temperature effect. ns ϭ not sig- ‡ Orthogonal polynomial contrast for temperature effect. L ϭ linear, and nificant.
number following letter is P value for linear effect.
Stem Nutritive Value
harvests, stem IVDOM decreased from 562 to 552 g There was no CO 2 effect on stem nutritive value (P Ͼ kg Ϫ1 as temperature increased from B to B ϩ 4.5ЊC. 0.13), but there was a temperature ϫ year interaction Stem NDF increased with increasing temperature (lin-(P ϭ 0.062). The effect of temperature on stem nutritive ear and quadratic; P ϭ 0.07 and P ϭ 0.03, respectively), value was more pronounced in 1997, when plots were but the greatest proportion of this increase occurred harvested every 6 wk, than in 1996, when they were cut between B (556 g kg Ϫ1 ) and B ϩ 1.5ЊC (562 g kg Ϫ1 ). every 8 wk. Stem NDF and ADF were lower in 1997
Stem ADF increased linearly from 412 g kg Ϫ1 at B to than in 1996, and this can be attributed in part to the 418 g kg Ϫ1 at B ϩ 4.5ЊC. shorter interval between harvests in 1997. Stem IVDOM During 1997, stem IVDOM decreased linearly with tended to be greater in 1997 than 1996 at B, as expected, increasing temperature (Table 4) , but the rate of debut at B ϩ 3.0 and B ϩ 4.5ЊC, stem IVDOM was greater in 1996. The reason for the latter response is not totally crease was much greater than in 1996. Difference in clear, but temperatures were greater in 1997 than in IVDOM between B and B ϩ 4.5ЊC was 66 g kg Ϫ1 in 1997 1996 (22 vs. 3 d with B maximum temperature Ն 40ЊC).
compared with 10 g kg Ϫ1 in 1996. The linear decrease in This may have accentuated the negative IVDOM re-IVDOM was associated with a linear increase in NDF sponse to the elevated temperature treatments in 1997.
and lignin and a trend toward increasing ADF (P ϭ This argument is supported by the greater stem lignin 0.158). Stem NDF, ADF, and lignin ranged, respecconcentration in 1997 than in 1996 for B ϩ 3.0 and B ϩ tively, from 519, 388, and 80 g kg Ϫ1 at B to 528, 397, 4.5ЊC treatments.
and 93 g kg Ϫ1 at B ϩ 4.5ЊC. During 1996, temperature affected all measures of Most measures of RP stem nutritive value showed a stem nutritive value (Table 3 ) except for lignin (average negative effect of increasing temperature in both years, of 90 g kg Ϫ1 across treatments). Averaged across three consistent with accelerated maturation at higher temperature. Deinum and Dirven (1972, 1975) associated not as great as those on grasses where lignin accumula- ‡ Orthogonal polynomial contrast for temperature effect. L ϭ linear, Q ϭ tion in the cell wall was observed throughout the plant quadratic, ns ϭ not significant; number following letter is P value for linear or quadratic effect. (Wilson et al., 1991) .
CONCLUSIONS
Data from this study showed no effect of increasing atmospheric CO 2 concentration (in the absence of water stress) on nutritive value of RP leaf or stem. Leaf nutritive value was also unaffected by air temperature, but increasing temperature caused stem IVDOM to decrease in both years, and concentration of fiber components to increase or tend to increase. Individual stem fiber components were relatively weak predictors of stem IVDOM, but ratios of lignin/NDF and lignin/ADF explained a significant and large proportion of the variation in stem IVDOM. We conclude that, in the absence from the second year of study, the decrease in RP nutritive value when grown at elevated temperatures may
Relationship of Fiber Components
be sufficient to lower animal production.
and Stem IVDOM
Data from 1997 showed a much greater range in stem
